f ') tNTFTiN VTION Vt \FPIU VTtOX 1*1 JIM HFO 1 INOFR THF PvTFNT ( <X PFR \TK)"n TF»F \T\ f Pf T 



(l*>>\WtkHK tikltll llPtn|X tV Ol£dlll£ltlOR 

Imcnutaoiial Bureau 



l l > Dectmhit 2002 (l*) 12 2002) 



11:11:11 ll llll i Mil Mil E: 1 11:11 IIMII 

(10) tnttm it* u! Publication \«iiil>c 

WO 02/10145*) U 



i nA f- 



(1 » 



*2I> 



h In i jt mil ! V 4> m- itiou Nil in.i 
h Ili sir ii Li! t-i!m<, 1 ilk f 

1' ii l>l icstt m it l..an j»h atif. 
fVi.ni(* Data: 



V } hi 1 (. hk hi), t I lliNni Ri 
t ✓ !>t IH DM l/K I) i^nnKiJi i i 

.M UK HI Ii SI I MIM M HHiW 
I K 1 t ! tin !" M \ Mi MO \lk M 1 
M\ M f i> \ Hi Ml PI ft H> H si' M 



> s 



si 



si 



i 



H4l Hcm^i* il*d Suitt ( 



n 



m v m k k/Mi pe n t\t 

1 fjt ( 11 ( s f>i 1 k ( > l f ! R 

\H M VI M l> \P ) 
MM A ( \ (O ttt Ml MP., 



> Is \ti»ft,r^*[i|>lii.>nr < i 



UK tHIR Run 



l ! ttkS< V ir U H | "» y s ri 

i. <. R » t IS PUIt Kjirt I S 
s } m I k i k ( v ( h Ml i I S) 



: (54) TiUet ACHIEVING COLOR BALANCE IN IMAGE PRO.tHCTlON SYSTKMS BY INJTCTINil COMPPKS ArfNGUGHT 



\ 146, 4v' 150a 



V 1 



AbstuU I r 



h ih <. i\n 
n ichi it I 
m i ih th 1 1 



li Ol ri kr v t 
O (. i j I ;| J i uii jx K h in it h 1 



I th J t\ h n llx i n t 



ilh t J t> 1 rs r 



WO 02/101459 



PCT/USOl/ISOlO 



10 AO HEV ING COLOR B A LA NC H IN IM AG E PROJ LC 1 iO N £ \ M F.M S 

BY INJL'CTING COMPFNSAT1NG LIGHT 

leehm.gal. F ield 

15 'I his munition relates to imngc p 1 ejection -n>k;in« and mere parUcul*uA in a 

method lor improving the brightness ;md »olo { balance of , mages' piodciceJ b\ such 
pFojectton systems . 

Background of the Inventio n 

Image projection systems fu\e 1 een used fur many joars to project motion 
20 pictures and still fihotograph* oisto screens lor \ k\\ m$ More recently, prescription 
using multimedia ptojectton systems Ime tceoir-L- popular tor u»tiducn,ig saic- 
demonstrations, business meetings, and classroom instruction. 

Color image piojeetion svstem-; opexate o,»> [he pnnupie ih.r color surges ate 
produced from the three pisniary Eight colors - ted CR''}, gieen \"C"). and blue 
25 ("ITi. With reference to fig 1, a prior arc midge projection system 100 inJude? a 
pnniaiy light source 102 positioned at the focus of an rfiipsoxlul iiaht lefketoi ^0-4 to 
pioduce light rays 105 inot shown) of pohdrromatic light that propane alang a 
ptmwiy h«ht path IDo through a rotating eoiar wheel assembly iOS. Coloi wheel 
assembly 10> ,:.JuJeo at kast three fiitet sections, each timed m t diiieieiu one of 
30 puntaiy colo s R, G, md B Light rir.s 105 of pohthto::tiau>. lit,h' cm i tied bv 

primary light source 1U2 propagate along Sight path 106 Through an optical wieguumg 
devsce, picferabsy a fight tunnel 1 10 nf either solid or hollou type, so eiCdte at its 
exit end a uniform iliunimanon pattern fA light tunnel 1 10 of a sobl ivpe ^ shown 
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in Fig. 1.) Light mnnef 110 works on the principle of multiple reflection to achieve 
ui rturn lighi mk-ik-aty o\et a recta n^ukai ai».d wnh the iani. dimensional piopoi ttoos 
as thtf { <vl projeued nn^c Hit I'lununation patten u trrai.. d h\ a ten* t lemont 
SAMem 112 icflLCTtd off a <jdtt refltxtu.;; suEkk-s* 114, and tiaiisaiitied thiu-di a 
5 pioi-xuo , lei s 1 1t* to hnm an inuix Popular comtncK dh 'uiln'c unatk. 

p.u}.rdit>~ ^sfviiia ut a h > d> n ulx. S unovo niikidf j Ok LP^^O ^ nrs nwriutacnnrd 
b. InFutu^ <^ if ni'vUk » ut V\ ilsuns ii o, Oiejok tlic << Aigikx of tli s ipp. c t nu i 
There has exui signititaai ettut devofed tu devdopmy, invw ptojukiMi 
swems Ehat piuduu- bngM. hijh-quahrv coKn image*. Ilu\u>\c\ lh. oplkd 

10 peitoinianctf *.<t tonsenitonaS pEPjtLioi-> is r tlcn b*i tli«^ sausfaai e> I oi ev nplt 
suitable projn.tcd linage hiditnto^ ditttcnit adoe^t vSftuall\ >vhfii tMtig 
ti ru^ac" poitJ K ,r color fioieuoio m i wdMighud room 

To myune (he bnEfuntss of jurigci the\ pioj^et, miace pfojvdiou s^tcms 
tjpLvvh emph>\ a hidi-uuarsh dkdiai^e { HIJ 1 ' > at. ,amp a-, pi unut fight i t nut* 

15 ]i»2 2 shows iin.XLT.ipl HID an. a up 12U thai i dud liw at e se» o sd 

deurodes 122 -tr ti 124 teparatt-d h, an jk gap I2n, whidi is piel-idh Luacui it c 
aitu 2 0 mm Fiitf L .iid teamd deurodes 122 mu 124 a*d a i. jia^ 12^ ,at 

c inta.;\d \\ it. .n a sc kd ptcwiu-vJ chamber 12b i at is *ll!t d Willi to i /ah,t e in.s 
ard mJkIi \ it»h vokase puht appl ed to insi d^urudc 122 i'\ an e>;ein< 1 

20 tot ret ntji stn»?,ni lju^cs ktuuaiwn ut the ^aiCi and 6o1k' ^ontanjv.t ah 1 n di imivi 
12b di that a s^aJ* Male re i .k.fsible eactE^n iKtu^, Ksufia^ m th L toimation oi 
phsma I he (.utrent ilow de\dopjd auo*s arc gap I2f> i^ m.mitaiikd by «\t^nk , 
Lanp driving Lkvti^iiK *.irvuurv, thtitb> tramtarnng iae pi miu ^iK.aUd h\ i' ^ 
tt'kh Mau i^ers'ltt, ta^'-on 1 ne plaMiu emits hpgiu ptt!}ehiot«< tu ifdii Ilk 

25 Lompjnttits, ot -^rc la* ip 120^1 cnslnoikkd in a iifas^ tn\eh'»pe !?U 'uJ colu ct'\c 
fo<! pfates 132 Ma atEatheJ to tlLtiiode^ 122 and 124 to disMpate htaf ^nd theic^* 
p recent tr^d eeie at glaib ^r. jtope 130 

thus Jjil' <."". lamp*, ptutiuu <• | nnii soutwe of tntu^e > ela oniatsc i gliE 
PldLii g the HID an. lamp .ajjaceti t" as -J.ip^ udal lKs.ku allocs i^LUsin£ of iir 

30 uiknse pid>thromat : l dit \\kh I njh iki ston onto i ft»ioi ,( .ht'C H'P t it. 
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iantp-, ha\< m t n\ ta\ jrahk Mnbni^ udi as high iiuuiMtv ef ivuncv and 
uhtbiluv but untorturutch, the p «'h JironMtu h^ht unittcd *k H5i> > - limps i 
out bat nttd in k ms in emiwc n uki^ t om *nt Sp> k Hit tll_ HID «. u 1 imp- 
I ro\fdt git tkr emt-^ioo aiei^ a>mut at tht aid ut f !k vlox speuiam than i: 
5 t ,o rtd end nusiOT an emission j ntt^\ sn.Mtnxt lh n h \, Ken v\fi, 
attempted ippioadits tc sohirut this probl m 

O^t atknipl o mru ru/e illun la on < rnt^ Ott t. m e v it hi! tin. tntatled 
uiu Kfiu llu" tt auiat L\ttii {\t\i w il ■> <e>uJ Hit loIhj \\b d H i er " t uu 
el ti\t n th< <ti ti e\trut ot tl l B tiSkr ^ j<-n iod ot * crcan^tht i i tun 

10 m tK t->f Si d B h tr sH^nunticii l o tiu atk uHiu i uf the R tilP eciu r 
A iuuiI meiiptent hd ttJik i. o ail >)f _h n s i^ebth uuf>h ami 't i4n 
ekamm s to at- 1 t ^ Ik dit_un fu cuki ^iu- n ( > UuHhtumt K ti u 
t\h npts uthti v tu>ul tenporal a h< iv. s ji dcuta td u aLt h t^htne s \ thud 
u npit.iuiLd.Jamj; vdntt filur et lo tht t »lo \^dupio\tde win 1 

15 p-aMiic; b Ktton IK lii'tnot i uluk ttlk' segn KiiulI id tt i e t bi gl k 
hu it e uitvd in a [ s ct 1 fjune^s tl s 1 1 ik- loIof I »ttu un tei the e up i 1 
contputu its t, 1 1 da i2n f.v, <il amount, at I Ut to tsv \ » fion (he puip jr\ uOU f s 
^ touitn t e npt e tfu td s nph at pl<» <i moi pos Lin i ire lamp tn the 
pntjttton s> k n \\h*i miflen^ teu tn p^ctpit bie pf>j o-s hs leth » 1 

20 1eJltiht.it \ etaht uust atij tdt jbtht 1 ^ues 

a tv ntudtd t ad jil is i:t i i ^ c pr<, ] t u v stent th it r anplM^ t u 
vMih lit unpt )\lcs kdn hj to act ksitu utai cd i.n ac brt^htr s i d idH^tnl- 
t i{ r biia kt. v i le mtnn pi il StJt ios 
Sumroairv of th e Invention 

25 ui obt f -t ut th< 1 j.k<-c < Acntufits t Mttot Et pti\tJta pp t l j tnd i 

i itthnd tor tmjtu in^ the bti^l me satd coLi bdattee 1 1 n ir tau pui^ued p\ jnd 
tot m lit the K It- horn an naa, piojtdtoj \sk t 

llv pas nt m <.nt on a him*, tpuncd t l hr ghtn s nd <.<tii b att t 
of ii fPk>e " ok<- ois\qtn IhnimkJb t primuj s< ut^» fptj[>v omn Ud 

30 lhv itnentton t itatis 1 1 hiv eo tik ! i & p i Uion system ir 1 au hn heftr ^ u cl 
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from which compensating light co-propagates with the polychromatic light along a 
primary ligh< pa! il tu npuisir i .> h^ht iu> jei emhMnn u ugv ton en* tint 
nut i ( iz i ei'ijssR n cnu e \ u ib Li^te i t ouuttd b\ tin, pi h*l t ouilc 1 > 
^impii' m fh ibi^ t m rm nu J m umt- s>t uisiithutn tmtsx t.n Altera;*. t^ntfM i 
5 the red end or tl v toloi spectrum, tin. UMlmry 1 gl t om< c pros tdev ^uirptn^ t t> 
light ^ In so £mibM< n eutrgv confers con ^spo^d *u , ght and then > nrr i ru/cs 
t\c sjot e m'\ tmbilance 

Iii j (, rst prtkUv-J cril o 1 -^en i! ■.stxihat 1 hjht out.* s/iptd tt i 
locUkutct the i ltnnc er d of dV t ptical ntt'^i lira dk. ice o tht mu pt >jvUton 

.10 s\ stLti suUi tin t ti o t m metis ittnj ht.lt eo nudes Aith U e pi nur\ uht pad af a 

location up f ream of tl v ; laa v. he e the h paiaoal Kflcutoi \A\\uu tin 

au\ hai\ 1 ght souue i i U etfi* n near tin, „nttai e < nd uf ire optu — 1 tn < t^ia 
iihu utv •, r nm tut h£l t os Ken t J rmnm al atnm nt t f poi eh una ^ h^hi f 
tn It » t ipir fin t tihuMKt end ft dn, optical integral rm dt it<- lu 1 l. tea on the 

15 acus! ttt light "-o v» of Hi first ffcter sd cmN J vtit iript j mU ti^htic^ 

a; d or eoU i lv i u <. or he ->n» <. crec m age uhik mmirr</n y r j anxun t nt li Ju <>-, 
wittun the image projection system. 

It «. Svtm d ^retu cd ermodtm* i , tl ^ u ^ ili m luh ~ret > a i u't d to 'In 
1 e,ht idlufor ads tci fto the piinni \ ligli soui«.e rreret t lln\t <i the ^ n ptnsit iu 

20 hAt auu't J iron he au\tlm\ light sot ae to f>e di cd througl th anut 
ptot^tioa ostein \ itli tht v le ettn, e it^ a% th U ot th ^ol ci ronut l h >hr 
k,c.jit,'iud b\ tht. pi nwrv light m>i vC T1k light rtlkt.t! )s prdtrabh ua w ah 
toloi sekuj*f tran nu" 101 oumg hi triisiiitt the vrnisMt n tn^^ ot ili^ light 
tn. tfed t s 'he am iltan 1 ght source and reheat 1 - 1 od cr tntt sn»n entries 1 hi 

25 vs tin lg i iti' - The loss o{ light lotn rlu pnrmis lit- u - uiul ihnvt^h tl c il ■> m 
which the austsharv hght source ts arhxeti. 

■\dd tK ml t. ltj< .ts in 1 d^ i » tgvs ^1 th s m\ mt ion v ill N c ipp i< r 5 t om t t 
u'low i u derails de^nptio* » f p ttcricd tn bo hr tits 'it i < inh pu' ud\ v\ith 
reference to the accompanying drawings. 
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Brief Descripti on of the Drawm iys 

Fig. \ is an isometric pLtorbi view of a prior art color image projection 

system.. 

Fig. 2 is aa enlarged, diagrammatic side elevation view of a prior art HiD arc 

5 iamp. 

Fig. 3a is a fragmentary oblique view of a first embodiment of an illumination 

sub^skm <Ukd to ihr pt tos an mme pro^anm <>} -ran < r i- ig 1 m which an 

*u\iiu,t\ tikht somte ii> itti\eJ at a Kk uion new ike entrance end oi a solid li^U 

t^nntl b_JtJi „ the Ux.j ion ft thi lust pua\ial leikctiui 
10 Fi^ -b is a nuUr«rd hacjiiemai) idt election s tevs, of the tiin unbudimtrj. 

of ik tliumindLoo :>uhs\rtm of Ftg 3a implemented with an ah^-natm pntin 
Ftas la md 4b ^ir rragmuiurs side eSe\ation s it dirk rent 

imp^m.mtatKns f if Uv n -f tmbxdjnrnf ol The j Humiliation ^h>Yvtef.r> impLmutir L 

vit i altein iin c npt.i d Uh i > 
15 I ig liid iugitKnta \ i mietru. Mew <4 the tu-,t uiiboJiimnt ot th 

illumination sub 's -Km u I ig ^a implemented v. Ah a tiKr opuc hi ndt^ arpdinJ to 

an optical, integrating device. 

Fiy, 6 an»' " h »n ioi all a^immhul armies on v,nne ^pn.s«.mniL ih 

rhstnl uimn nj tk intens ^ o t light esitrnj Uk li>«h tunnel or, respective! the ] t k t 
20 it smut p»o> Li^n oW n nl I ^ md of the irngt. nioie.tmn ^stetnot eiuV r «.* 

Fig. 3a or Fig. 3b. 

bi_ b is i ii umenun obi \te,v o f . t st alternut e implementation si 
the h st ilummatioi sul s\ ^t^ J tn embodiment m whtdi the aus hat ,i,iht som.e it 
ntiset to a corver oi i solid iuhf tumid 
25 Fig 9 li a U u>meiiiu\ oblique > uvv oi a seconu alternative implement Uk<q <n 

the iirst i lumtnatioi snbs^tom embodt n«-ut m wh di rht uuihar> hght -o^r^e is 
allK d to an viitiaiiwe cud ol a nohow hgrr tunnel 

bigs Itu 'Ob md SOc a ! e iragiiKiuan side elevatu n view, (if the 
illummUKm ■luby^km ot Fig ^ implemented wuli abematr t optical Jittgi itui^ 
30 devices. 
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Figs. I la and lib are fragmentary oblique views depicting two configurations 
oi i thud uhem Uive impler eutation ot the in -c illumination sabs^ itc n tmbovhmun 
ui v Livh multiple auvdup h^ht souicts jk ithxi^ to ies.pc.a^clv t-oru^ondms 
t*i uppi^ut emners or i^pised surfaces o* the solid luJu tunnel 
5 Fi« 12 is i lidumtrrtLuy o F.tque \ ew <>ta rouith altc nu'ne inipk mentation 

ot the nr st niunimatksi. suo^tefr embodiment m whiv.* mulnpk hen ^tttiu ate 
atti\cu u the vamt MirtavC ot ttie solid 1 ght tnnnd 

iMg Pi is an enlai gi_d , diag' anmuHit si etL\JEiui ^t,u i film aiu. r im 
mplerrentatjon ut the *irst Jkirno. tion subsystem einbodmu at in ^hh,h d pur 
10 flv>tv lenskts ar< 1 implemented as tht optical inttgtating dcviet 

I tg ' x b is an uiiiat god \ icv, ut tin. ilk aau ili<m -nb^} <-R m ol Fit: 1 5 1 

i ig 14 is. a Jk jr-im of a --e^ id t mht. i neni t f\ n ik< mm £ .'ion s- sb \s, m ji 
which an auxiliary light source is positioned adjacent in a light reflector and emits 
compensating light that is coupled with a primary light source. 
15 Fig. 15 is a diagram of an alternative implementation ch' the second 

embodiment of the illumination subsystem of Fig. 14 in which multiple auxiliary light 
sources are used. 

Detailed Desct t ption of Preferred Embodiments 

Different embodiments of the present invention, described by way of example, 
20 position an auxiliary light source at different locations in image projection system 100 
of Fig ? to compensate for the emission energy imbalance in the emission spectrum 
of primary light source 102. Skilled persons will readily appreciate &:u the present 
invention can be implemented in other types of image projection systems, such as a 
three-path projection system. 
25 Fig. 3a shows a schematic view of a first embodiment ot the present 

us.et-tion, > > IiJv.h an ai'Mlian light m.'Uilc 1 lU is ams.L.d at a loc-ttimi near an 
entrains tnd '42 nf an optical micarauna dt\ ic* , pafcrab \ light tuam 1110 
/ umIviv luhf -! ur^t 140 prvfu-'K.y includes i solid 'tut light i nutting le\uc 144 
qJi as a hghi-emitimg dunk t,LED< .tun urudi uunpt bating Itgl t ptupac iu 
30 tht nigh w n optical ti vr l^o r h> an optical coupling o>\ tee putuah', pi wu 14^ 
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Prism. 148 directs the compensating light into light tunnel 11.0 at m appropriate angle 
to cause the compensating light to coincide with light rays 105 of polychromatic %ln 
propagating along primary light path 106. In the embodiment depicted in Fig 3a, 
optica! liber 146 is affixed to prism 148 on an input prism face 150 thdi is 
5 substantially parallel to a first sight mnnef surface 152 io which prism 148 is affixed 
Prism HS is affixed at a location near entrance end 142 of light tunnel 1 10 upstream 
of a location 154 where the first paraxial reflection occurs. Providing optical contact 
between prism 148 and first light tunnel surface 152 before location 154 of the fhv. 
paraxial reflection minimizes loss of the polychromatic light from tight path 106 info 

10 prism 148, 

Light tunnel 110, shown in Fig. 3a, is one exemplary optical integrating 
des^e, ultt i native optical integrating d L \n.La «c Ji.e. ^eJ m detail f iter v nil 
r fvtcnv/ to • , rum mpknutr it v rs of this first embod m^ni L ght tu jtc 
vui urt >r K implemented m trn Uf p o'eU on svtervs to ei^aie a umioi n t'lunun Uton 

35 paiiv'n \\ t!i the same d mensional piopoitu ns a> the tmal eh -at el n Ltain 
tun id-, ajk <<ne on the prntcip t )t multiple reflect < it vvl ^rtm tiai imttul hyht 
retkus ott all sides oi tl c I ght tun »el Mt-h. ih tl light i\ substantia h un ,orm 
mtuiMr in emitted liom tru output end n' the light tunnel 1 ,Jbr tut n 1 1 10 is 
putt-i ml} ot rectmLiil it *h;pc so that the unuorm til, n natiu pittein ol light 

20 propaeit % « ttom an c\f end 1 ^ ol light tunnel 1 K j of teaanguku ihapv I jl,3 t 
tunnel 1 10 is « u puruahh u. mpnsrd «. t a solid stLhs r< d 1 ^ht tan.u. 1 ] H n 
P fcrahH w drr than pri^ni 14f so that tlit H tal surface ai *a of Sign t ^ttil lit ifu' 
jiippott^ pitsm 148 s minimized i nd thus the amount ot lo^ oi po\cln mniL light 
liom puinai\ lig. t path lUf> is minimized \n t\empiai> solid light tunnel is 

25 4.5 mm x a.O mm x 40 rnm long. 

t ight-t i.utt ; t ' device 1 llun h.' any 1 ght s uitee including n LLD a iasu 
and an ate lamp <\n LIP s a pr^tet ted u id „tnc him' vinitting device b* v tuse it 
touts ^ irtuall monochromatic Injbt md is eom\K f *w* itn. ^xrsiw . Pljs tha e. ^ t 
hghe v th in tiiim >iou ^T-urum ^oiiesponJirc; tt ud ha.1 E t pit, d!\ ^ nif 

30 w ppro unateh *0 lumens ot led light lfus addnioi ul h u light genei ilh * ttecti a l'> 
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percent increase in red light emission energy content in primary light path 106. The 
introduction of red light allows for use of a color wheel with a smaller red segment 
and larger green and white segments to increase overall light transmission. 

Optical fiber 146 can be made of any suitable material, but is preferably 
5 plastic or glass. Optical fiber .146 can be any size that is appropriate to the image 

projection system, but preferably has a diameter of approximately i mm because such 
an optical fiber is inexpensive and more robust than an optical fiber with a smaller 
diameter. Optical fiber 146 may be of any suitable shape thai is appropriate to the 
image projection system. Optical fiber 146 depicted in Fig. 3a is a straight fiber. 

10 Alternatively, optical fiber 146 may be curved, as shown in Fig. 4a. 

Optical fiber 146 may be directly coupled to light tunnel 110. Such coupling 
may be implemented in any suitable, conventional way, but one of the following two 
arrangements is preferred. In the instance of a hollow light tunnel, an exit end 302 of 
optical fiber 146 abuts entrance end 142 of light tunnel 1 10, as is shown in Fig. 4a. 

15 In this alternative, optical fiber 146 is preferably attached to a corner of entrance end 
142 of light tunnel 110 so that loss of polychromatic light emitted by primary light 
source 102 and reflected or refracted off optical fiber 146 is minimized. In a second 
alternative arrangement, exit end 302 of optical fiber 146 abuts a first fight tunnel 
surface 152, as shown in Fig. 4b. Both methods allow compensating light 

20 propagating from solid state light-emitting device 144 to exit optical fiber 146 and 
coincide with polychromatic light emitted by primary light source 102. 

The benefits of the illumination subsystem of the present invention can also be 
achieved without the incorporation of optical fiber 146 into auxiliary light souice 140. 
In an illumination subsystem configured without optical fiber .146, compensating Ugh; 

25 propagating from solid state light -emit Ling device 144 directly enters prism 148. 

Alternatively, the benefits of the illumination subsystem of the present 
invention can be achieved by providing multiple optical fibers 146 in a fiber bundle to 
direct compensating light, emitted by the solid state light-emitting device 144 into an 
optical integrating device. Fig. 5 shows multiple separate fiber bundles, each formed 

30 with multiple fibers. The ends of multiple optical fibers 146 may be embedded in an 
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optical integrating device 306 thai is made of an optical material with an index of 
tUi^Uon th ii ' our pond to the index iff action, or tb m tret u i sed !o roim lisdu 
timel 1 10 OptiL.il hit. is 14b arc embedded at m angle with respect to li^ht tHth 
liifj *-udi tha the ^mpetiMtMig Iithi ibc^ <.nut iCtd^ v»fl poht in nidtic lulu 
5 Jrom pinnae If^ht so^e 102 v uhm Ij„ U uumd 110 O-mi al a^f >nh \ ^s 

uukidmg optica libui 146 and optical inti.gr u >£ device ^'o rrm K lftutd to . s 
<udc ot h c 'lr utmd 1 10 (al'crnttm utiJmkMts shown tn phannui hues > One 
advantage to use of this iltema ur nil >,tmt niaUo is th n upth il assentl 1\ -Oh 
tntiwl Obus H< and optic -tl mttat *ting de\i,x >0o, can svparattb to 'tiuutd 

10 Jiid instilled <\ tib an optical kdhtsi\e it, uitutj? in t edited man facturmg costs 

A -srittaO.-K multiple opts, d assembles W ma> >~ attached to hght tunnel 1 10 

f\>mpui alum Imht emitted hs -olid stitt ubt ct mtuu 1 <>vW.e 1 H *m 
tsansmit'ed thtnugk cp'k.ut Obei 1 U> - in be c >upl«J nth 5 1 Jit nnnei i 10 b\ an 
itp'ivtl coupling d^ we Evaupiaiv jptical m ipl<rtg du tcs ttivdude pus-ms- gl t<s 

15 tods and miin'is ho*twr tht puit~i\J opiual tOup ! ni k idt\ vt is prism 14b l'n m 
i,pR*ttfuH> attached to optic il libc 140 u.iug an ipticalK ti jn>p ii**)!*' adhesi e 
c J 6 , i TIY ami adhtsm ILe araUi xnt o' piiM i 148 *j opu.al ttbcf IV ii sul.:s 
that the compensating h*tu diadtd thr • igli <wttw 3 OK 14*> n flats )tt pr m 
reflection s^it^t 15£ with an angle <_i inudcice -hat aHo>' s t e cjmpenM'ing hyht n 

20 c u< tide ^ nh tae I'ght t^ s 105 Lt pol,dsu>niatjt h^ht dun ptopig.Je alora pnmatv 
1 ?bt iaih 10b loi example J \1vshs ant Lump' rv iUnnmntu>n "-ub \stem 
wl ith umipcnvtiiu light esitmc opiit.il hhei 14o has ipp-oxtrnteH t-» Jtit-e 
angL ot HKtdeiKe \/idt r. p->.t to a pii^sr rchtaum ^uii i-£ \^ oi ^ pu-ni J 4^3 tu 
allow the compulsing light to tom-idc with Ugh* pith ]0<> txtotc the lot. it ion ot 

25 mm pataxui lefl^rion 154 An s u wn m fi t pn n J4V has an input pri m 

(iU l^Oi that is an^uliih inclined k1ui\l tu i,hf tminJ sui Uco to iflu trrte an 
alte tnti\e [ rop^aMon pith oi U_>ht c u u d h> solid >t it^ n^ht tmftttn t ' dus i^e 1 J4 
Ittim 1 IS n td no* b->ve an irtwli td priMii face this implemennti n is rner^K 
exemplary. 
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Pii^m I4t im\ be of ms si^ 01 s^pe stable loi tht image pF-ieUion 
s\Htm ! oi example input piism fa<.t 3^0 iLpatui m Fig *a f> ^u l HUHtu Is 
parallel to first hght tumid mlaie "2 on which pri^m US is mounted s\ .Ulv the 
input pmm face 150a Jepk^td m Fig not paiallel to Isw haht ninncl u'li^e 
5 152. 

The benefits of the illumination subsystem of the present invention can be 
adnc\cd witnout tht in^ ipjiation o) an optical s v»e ling dtuiwt into , u\ bar, ha,h 
•ource 141) In < n lHun jhuuu sul s>^m uiriiyuird without an opt it il coupling 
dtfxue compensating lulu is m|Cx.tuf dnf a3_y imo light tunnel 110 \n optical ifvi 

10 14f' or ,« hd »tate bant enmmg dtwu 1 1 1 

Trouumgoj.ui.al contact between prism US md hrst ig'it tunnel ^tir iar^ lr»2 
bel">re iouat on l e 4 of the tii't Kilfuion mmnn /es ln„s ol ?he poVhtorntic hgbi 
cnttini? light vUnneS IK. through emran-c cuJ 142 x\au>t Imle pt i^n o-Mtn, taht 
1* nciJent on tiv side :5iiri<-ces of hgfv tunnel 1 1U lK v lo entiance end 1-2 lhi^ 

15 minimal hiJu So a i., danoiWutcd h t a ^■mpitatuo iv aoorrhip a ly t imensto 

di r .[buttons aepiued m Fi^ 6 L >nd n I ig d h a JieiitatK d.agum t>ho*mg 3 cone 
01 light LMiing light tunnel 3 10 ol tin. inn an niMce ju < Lotion s)-avn 10U of 
lie 1 Inr vone ut light apf to um*i t>- toi vi \, urtatbal augk ^ nn <o t> tht inguf i 
hght m^nsr distribution oi pol> dnonutic haht enutttd b> pnnui^ light sou-vc 0Z 

20 foilovtmg tr msinitsion tinnugh light a s nU 11U and ipon cut hum 1 "hi tunnel 110 
ateKjte«ui l^b In cjitmarison Fu 1 >s ^ ^lutnatK Jngiani sho'\ n«' twin < 
Ij^lft exiting hght 'unnei 1 10 ot the image pro t ctti mi > stein of euho i r Hg 5 a or 
Fi£ 3b, m i s*iUi a, \ihars hglu bouat; 140 mtioduvts vunij cnsiin^ ligSit ,ntu ihs 
ima^e projevtion ^ sttm i ht -ont l t hn\\t dtpu to 1 m I ig "* ^ppro^nraVs il t 

25 angular light internet) Uivrtbution of poj^hiomatic hght ciritred "a pi nur light 
soUE^e 1^2 tollos.uu trans*' nation Ihtouih hs;ht U aitl 3 It) nu. upon c^a tiom l.sht 
tunnel Uo it exit nd l*>s \ nou h 160 t rh> t.n jf di * tone nt hjht shtuv 1 tn 
i i e » 7 ^picscnti -tn ippn^iiituh - pt<wk»t3o , jfjusi-hron tiv lig't Ju • to 0 <■ 
afti^ng oi opt wil coupling piMii Ub SuUi light los is minimal m light ol th- total 

30 gain al tmisMon tiurj con'cni mr .pundntf i < -cd ii^lu it-ttitmg fri ni ih„ 
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incorporation of auxiliary light scarce 140 into the image projection system of the 
present invention. 

\ttMlwn light some- I4U of the f i^t cmbodime u ot the pi e~et.it jmutuoit 
v)v, W attned f i e opt -al integrating dv.uce at an 1 U u moi neat entrance end 342 

5 AHioiig auvihan i ght souie-> 140 at \ \ck ttion mat omr, nte end l-*2 oi the norivJ 
mtegraiing de\K(, cause minimal hsiht So-s bt l mse a mmmai mvun of light is 
incident on the mttgi it ng dev we ne< t its ujuan.t end While atti ark n ol au<ftiar* 
light m>uuc 1 +0 )> pie fetal \ eikeKu u dtn 1< c lUi n ik u enttatue end 142 
vTtiVition i cettam Irc^ors olfeis w.k>„ bend t- Aluvh ire disais * U be 

10 Fig ^ depict* a first altenia i\u nuykmej tauon t + he tjist embodiment ot nV 

pitsen, imeition in nhwh au \ifutv \uht viuivt l-*d is atttxed t< t<s- lult ntni.t' 
^■urta< e \*>Z and is jftsa to a cornet t 1 light tunne 110 I ht m 4 alter satire 
unpk mentation is e ,penall) heneituai K^au-e it i educes the lu-s ol poj\ c oreatw 
light propagai ng through *ht point ot ai.isau m ot an x than 1 gt t souice 14ti 

15 i-ig 9 depict-, i second altemaU . v implement itnm of die tn n t emN dnnuit ot 

tlu" pu s< nt u\ enti m tn \%hu h ui oh ir> hght ^ nice 141 is *med tc a >. tie** oi . 
enti in^c tnJ Pit o! d hoL a bgin tunnel 1 10 1 \\ Ink th •> alternative i.npknv jt.-u< n 
roa\ introduce add ttonii thi-knc -> to uitianc*. end TO 1 1 h^ff tunnel 1 10a and 
theichs impact iht s| acmg ot color a Vet as-„mhh IrtS this mipknieru tn>n allows 

20 lor t-e use of i hollow hg> i tunnel mste td ot a wl d light luu.id <\ the t>pc shown in 
\ >e ,- ^a 3b uk, Is HU3<fH h«ht funiwN jk k ■> \p> n iu a.id slurry tn kngt 1 ! a, 
^nmpai o to i h I ii Sight tunnel th. t ^ ,ie\ n e.jus aknt lumm. tion jnifomnt^ ^t 
the tunnel output end. 

Figs 10a, 10b, and iUv deptet dir< L alkrn five optied integrating eMce t sat 

25 can be u ed m the image "lojcetio* s>ster sbu vn m Fif 'J fig 10 1 ol s u- ** ot 
an m>tuon pri^n ^12 f liat has a teHtx' tnu iurkue at a 4b degsee angle icldtn . t.» 
uuiaikc .nd 142 er hgn tunnd 1.0 Injeaiou pi ism "^)' > can be u^e 1 with a hollo v 
huh tunnel <. t die t^pc -.how 1 n V ot % tth a solid light funnel »t the upe sh ^ n 
h „' 8 I ig lob ihoAs ust ot a bfani M'lute. pn'-ni 32v> n: *he nn^c proj-'t'ion 

30 sj^ttni of fsg Q B*» t m splitter pnsm ^20 mcudc. a diehiote minor Mod Aith a 
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cooipensating prism 322 situated at a 45 degree angle to entrance end 142 of light 
tunnel 110 titeret) lotrmng a l K\ < splittn aibe that r kn>.s hzhl kom pnmar> In Ik 
souu * 102 t^ p*rs through the b-a* sjhtttr u'h<- wnhou geiuni: lost Fiu 
ihos " us v of a tKbiuk mirror M(h m<. tried at an ittut angle n eMunee tnd 1 <2 jt 
5 light tunntl 110 ui the jiugi piojvUturi <-> tent ot Fis; 9 

Ll muge pn'jc-tmn ivsiera or the presen tmention m%\ >w inJudt 
multiple aiKibars h«ht ouice^ fhe tr>e of mulupa- atml arv light soiu^e* lams 
the usu to implement K^ei t tpm md there rote b ->s ^xpena. e so id sut« Udit 
.nutting ee\ ic< i! > untie c r fe^ang a rtd etion m i.missi< n f uerg tml al m^c s<mil i to 

10 that rftteL.d b\ ising .1 single h ?h output solid i>t tie light vunue AUe'uuneh , the 
use multiple .arabar Kit vout.es a!lov> * he user to efket an mtuased te> aefton 
t f^mis un ent.it> imb dance b\ imrodJwtk>n ui an increased .nutmt ot 
eOinptiMting bg i t whose emission eru. jjv ton tern reduce 1 - an emission s^ius^ 
i noahikt. fhe nniltjj le aa\diai> Sigh n !.tve L ma\ he ariivid to im s dt of U^Su 

15 u , stl LK u 110« but «ie preicrabs^ '"fix^d a*" » It eaii^n near t nuance ex' 1 i~ in 
170. before the location ot first paraxial reflection 154. 

Fins 11a tml I lb depict tv o prcfeired implementation* of a tlnul en»Ui\e 
implementation of the tirs>t embodiment of the piesent invention m vvhith < nt ot 
multir 1c auvibai} light Mturees is aftt>cd to firs? light tunnel surfaee 1*2 a d one oi 

20 multiple a \]h< n light sourets is ailised to a seu>rid I14IU unnd *unaet P4 bu is 
oyn-iU tu-t runnel surf ice i s 2 Fit> 1 i dious i totiii^ » it * n in Mi<-h a 
in-a -duihan hehi souivt* 176 ts aftt^cd to first hght tunnel biirtase 152 a d a second 
auxiliat^ hth* souitt ITS ^ illixtd to second light tun' el sufat*. P I ii Ji *hu » t 
uttd steo d auviLar huht s«. uues 1"6 ano Pb> respee F iveh ue Lua .d on Lppisiti. 

25 vi<nteTsot hi,hi 1^ . tl 110 hg llh shows an Uitrnmve tontigui nurft t ^hid 
iir-t an ^eonJ an\)hap b^ht -oitre^s ~o an 1 P8 ie*.peeu\th, ait lo-aud or 
l,u„ tjj mi- in-. eoitiLi 6 " ». f lis' t runn-i IK' 

1 ig J^pjL s a touirh alttifltftot imi IvTTl nam n ^ Ik tirst etnloonne tot 
the present invention in which the multiple auxiliary light sources 176 and 178 are 
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affixed to either or Pit-t light ttuvH sur* iu 152 tsohd Itnest or sco^d light umnJ 
suitioe i74 ^phantom hrse^ 

bt tiled pervoi s wdl ippieeiate, therefore that u prism may be plated on the 
outran. e surfavt, anv tide surface, ot top or bottom i urlaces of a solid or hollow light 
5 tunnel. 

Figs. 13a aad 13b show a fifth alternative implementation of the present 
invention in which a second exemplarv optical integrating device is implemented. 
This optical integrating device is a pair or flyseye integrator plates each containing an 
array of leaflets designed to create multiple overlapping images so that any 

10 rtotmuiformky in one Itmslet is integrated out at a display device <DMD) 380. 

Fig. 13a shows an embodiment of the present invention in which light emitted by an 
HID arc lamp 120 strikes (or is incident on) a first set of flyseye lenslets 350. Each 
first ienslet 350 has the same aspect ratio as display device 380. Light exits first 
flyseye lenslets 350 and enters a second set of flyseye lenslets 352, each of which is 

15 spatially aligned with corresponding first flyseye lenslets 350. Second ftyseye 

Iensiets 352 image the apertures of first flyseye iensiets 350 onto display device 3S0. 
A condensing lens 1.16 overlaps She multiple images at Iensiets 350 creased by- 
corresponding lenslets 352 onto display device 380. First and second flyseye lenslets, 
350 and 352 respectively, may be any size and shape appropriate to the image 

20 projection system, but are preferably 4x6" mm rectangular. 

As shown in Fig. 1 3a, auxiliary light source 140 is affixed at a location nenr 
first flyseye lenslet 350. Compensating light emitted by solid state light-emitting 
device 144 preferably passes through a light collection lens 354. an integrator tunnel 
356, and an integrator imaging lens 358 before encountering mirror 360. Mirror 360 

25 may be of metallic or multilayer dielectric type. If mirror 360 is a multilayer 
dielectric type, it can be designed to reflect the compensating light while still 
transmitting much of the polychromatic light from the primary light source 
Compensating light exiting integrator imaging sens 358 reflects off mirror 360 
through one of first flyseye Iensiets 350 and through one of second flyseye harslets 

30 352, which reflection causes rays of compensating light to coincide with light rays 
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105 of polychromatic light. This alternative implementation results in first flyseye 
leuslet 350 being uniformly filled with compensating light such thai the resulting 
image projected by the projection device contains excellent color uniformity. 

Implementation of the flyseye integrator plates may also involve an auxiliary 
5 light source without an integrator tunnel 356. Thus compensating light emitted by 
solid state light-emitting device 144 passes through light collection lens 354 and 
integrator imaging lens 358 before being reflected by mirror 360 through the flyseye 
optical integrating device. One of first flyseye lenstets 350 is filled with 
compensating light exiting the auxiliary light, source; thus no potychromanc light 

10 exiting primary light source 102 enters first flyseye lens let 350, One advantage of 
this alternative implementation is that the auxiliary light device can be easily coupled 
to the remainder of the image projection system. However, this alternative 
implementation may result in poor color uniformity in the final image as a 
consequence of non-uniform filling of first flyseye lenskt 350, 

15 As shown in Pig. 13b. the auxiliary light source may lack an integrator 

imaging lens 358. In such a image projection system, compensating Sight emitted by 
solid state ilghi-emiiting device 144 passes through light collection lens 354 and 
integrator funnel 356 before being reflected off mirror 360, located near exit end 362 
of integurtor tunnel 356. The compensating light reflects off a 45-degree angled exit 

20 end 362 of integrator tunnel 356 by total internal reflection or a mirror coating and is 
directed through first flyseye lensiet. 350. 

in a second preferred embodiment, the auxiliary light source is coupled to n 
light reflector adjacent, to the primary light source and thereby allows the 
compensating light to propagate through the image projection .system with the same 

25 efficiency as that of the light generated by the primary light source. 

Fig. 14 shows a schematic diagram of a second embodiment of" the present 
invention in which auxiliary light source 140 is positioned adjacent to an outer 
surface 1.86 of light reflector 104 and is coupled to primary light source 102, which is 
preferably an HID arc lamp 120. Auxiliary light source 140 emits a compensating 

30 light beam that is focused, by an optical focusing element 1 80, and propagates through 
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a compensating light entrance zone 184 on light reflector 104 to pass through arc gap 
126 1 1 art lamp 1-0 and stnke an inner curtate 18? ott ght refW tnr '04 

lo eadVe piopaeatiur ut the ct i pcnsalt ig light heara tVrmgh hgh: relettoi 
IC4, mnei surLu,- Ibb u light !L -if uni 1EU < : ujinperiiatmg light ctm« >u* ?onv IM 
5 *.ar ie r r.o coatmg, a low ivfecliv' i avHitiK, m piott-ubK a at t k firth vlu_u\e 
tra^-nssiun costing, the i<ct of winch ti lnstmrs heht ut wavelengths equal t > the 
compensating Ugl t wa\ e-lei gth wade, reflect ojg v sihic light ot wa\ elengihs nut eq .af 
to tre tor ipensatmg light wavclcngvh Fhu unnpensatmg lit.hr enh jjlc ?ojk tear ng 
is genew !lv < ditteieiit mating mater LI front that applied to tin v ui train of mnj 

10 surf it c 1SS of light rtfleUor lot ho? suiUlC 138 tvps^alh c.i j nu-tai't. ot 
dJeleLtrit: eoatu g to achieve iikKimutn ictWtartLe owr Ihe epc rating rant:!; "t 
wavelengths of image prcieUn n i>We-t 10O I ight aflectt t 104 ts preferably -.uated 
with a sptxrralK oekfa 1 ttai Minion Li\Hmg, vdnch larrmib compti saung l.dit 
through ihe ziage pioitLtj^n \ittin w th h • -arr.e ^Ui.icn^ as pokdmmatic I gtit 

15 generated hv HID an. lamp 120 and icfWs ligh Siansrmtkd by other ItgN tee, 
PoKihi mia.iv, hul t enured h H1I> aa lain > 3 20 n aj> be Su f t irrough vompj-nvums: 
light entrance zoj t 1S4 ot light lerleUt t K)4 ihr wa^elengt." se <-cit\e transmission 
mating mu m izes tf t s 1 polypi o, nlic Ir J eE i Jed b; HIP ju lamp 120 \ htth 
light would otherwise pass through an uncoated compensating light entrance 

20 zone 184,.. 

Light reifittur 10- ii prefab!} nade ut a mat* rial Hie* a c gVs that 
tratwntt.s light so that the compensating hghf Katn .an pjo through the hght 
rerfeuur wail on it v>a\ to au ga^' 12o Depending on Uil design goals and t/«. 
details t i down tieam optical parts tor 'he imagt projection sysrtoi, light telleuoi 

25 h'4 may have an ellipsoidal, a pai ih ifuidal, a gcrteial a^fliL-i ic >>r a ta>.tttd :oun 
Poeau-^ it j.nnides tlfuimnatior. bt^rn Election and :ov. using, l.ghl reilectoi 1**4 
prefetobh, u.Ll^dri a co.d irinio, Smu, n'u^,u 1^ kit hght ut>u< i P'l ^ 
eikctive.j ia a-^iuaMHl len^ sfjita.t that ieh< ets tht sn.omnig compensa'ing Imht, 
outer surface 186 preferably is smooth and well controlled. Other specifications such 
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as size, length, focal length, and thermal characteristics are determined by the design 
goals of the image projection system. 

As suited above with respect to the first embodiment of (he present invention, 
the solid state light emitting device contained within auxiliary light source 140 can he 

5 any .solid stale light source including an LED, a laser, en" an arc lamp. l.EDs are 
preferred because they emit virtually monochromatic light and are compact and 
inexpensive. LFDs that emit light with an emission spectrum corresponding to red 
light typically err; It approximately 30 lumens of red light This additional amount of 
red light generally effects a 10 percent increase in red light emission energy content 

10 in the primary light path, 

Compensating light can alternatively be delivered using fiber optics to transfer 
the compensating light from auxiliary light source 140 to optical focusing element 
ISO, which collects and focuses the compensating light propagating through 
compensating light entrance zone 184 of light relkctor 104 and into arc gap 126. 

15 Fig. 15 depicts an alternative implementation of the second embodiment of the 

illumination subsystem of the present invention in which multiple auxiliary light 
sources 140 (two shown) arc placed around the perimeter ot light, reflector 104 to 
more uniformly distribute compensating light within the illumination beam striking 
color wheel assembly 108 (not shown) and thus increase the uniformity with which 

20 the compensating light is distributed in the final projected image, bach auxiliary light 
source 140 is focused through arc gap 126 and is aligned so that each compensating 
light beam, having propagated through are gap 126, does not impinge upon any other 
compensating light beam entering through compensating light entrance zone 184. 
The quantity, beam size, location, and orientation of the auxiliary lig.hr sources 140 

25 are determined by the specific performance goals of the image projection system. 

It will be. obvious to those having skill in the art. that many changes may be 
made to the details of the above-described embodiments of this invention without 
departing from the underlying principles thereof. The scope of the present invention 
should, therefore, be determined only by the following claims. 
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Claims 

1. in an image projection system including a primary light somce from which 
polychromatic light propagates along a primary light path, the polychromatic light 
having an emission spectrum compared of a mixture of primary colors each having an 
.5 emission energy content, the omission energy content of one or more of the pnroan, 
colors differing from -he emission energy content of the other primary colors and 
thereby contributing to an emission energy imbalance in the emission spectrum, a 
method of reducing tin emission spectrum eneigy imbalance in a primary light somce- 
from which polychromatic fight propagates lo improve an overall light transmission 

10 efficiency of, and thereby improve one or boih of the brightness of and color 

teproduction in an image projected by, the image projection system, comprising: 

pi<_\.KltiK d-. «.tr\ light H»unc torn vUuth propagite* >. ompenvi'my iufit 
has mi, a u>mpenMtm.> uur> „un uijiip t_onteb >£ an tntt ^it\ ,*nd ■mi** . a vpeu al 
unge didt (Hiittt the unison ei tmK am.t ot the pi mi in hunt Miuru: 

15 po moting aiuplic d mi gi ungde^K, along tin- puna ^ luntpal, a<id 

hrattug the to nptn^tuig ligh> tn ^uinbme idi the pob clso mat e li^ht ?nd 
to Lomudt. v,Xi the j_iimji\ light path at a location that v utses bght tcpiese iting 
conitmed polyehium it c and cumjensating light \s th *.ubstt i Halls b tUm ed mm Mon 
spectrum crk,rg\ m e\it tht op ual mtegiattng dc\ue loi dtspla^ <* ptOKWti mn^ 

20 with colui itpio^i Uion Loitt'pjnU ng U the "ubstanti t!l\ Mask* d erms ion 
spectrum energy. 

2 ihz muh> ci ti via m i m ^hicb th v piniiAi; light sumcx „otnpt i^o an ate 

lamp. 

3 lhe method W Ua n 2. m wlm h 

2.5 ti i ftiiusunt t* «.n»; imbtljuuo m tht einssum ■medium u* ul ^ horn a 

ueliciLiK\ in umssiun vtijig, t-onUnr unusp^i ling io ud h fr t muted o, th 4 - arv 
lamp; ana 

tht umpt noting unison t tctgv c >ntcnt is v irhm t ^peuial rmge 
encompassing red light of an intensity that causes a reduction in the emission energy 
30 imbalance. 



PCT/UStt/lMM 



4. The method of claim 1, in which me auxiliary light source contains a light 
emitting device selected from a group including a light emitting diode, a laser, and an 
arc lamp 

5. The method of claim I, hi which; 

5 die optical integrating device comprises a hght tunnel within which sight 

propagating through the light tunnel undergoes multiple occurrences of reflection so 
that light exiting the light tunnel is ol substantially uniform light intensity over a 
display area with a similar aspect ratio as the image projected by the image projection 
system; 

10 the light, tunnel has an entrance end and first and second side surfaces and a 

first reflection occurs at a location nearer to the entrance end; and 

the compensating light coincides with the primary light path upstream of or 
substantially at the location where the first reflection of light occurs. 

6. The method of claim 5, in which the auxiliary light source includes an 

15 optical fiber through which the compensating light propagates, the optical fiber being 
optically coupled to one of a first side surface, a second side surface, and an entrance 
end of the light tunnel at a location upstream of or substantially at the first reflection 
of tight. 

7. The method of claim 6. in which the optical fiber has an exit end, and 
20 farther comprising a reflective surface positioned between the exit end of the optical 

fiber and the light tunnel, the reflective surface optically coupling the compensating 

light propagating through the optical fiber to the light tunnel in a direction and at an 
angle to coincide with the primary light path, 

8. The method of claim 6, in which the optical fiber has an exit end, and 
25 further comprising one of a molded optical material or clement positioned between 

the exit end of the optical fiber and the light tunnel > the one of a molded optical 
material or element optically coupling the compensating light propagating through the 
optical fiber to the light tunnel in a direction and at an angle to coincide with, the 
primary light path. 
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9, The method of claim 1, in which the primary light source includes a 
r Hector h<KU 2 ] mti fid m cr surfat- 1 asid m A'f it, 1 Jit au\iha s h'ht « nut <> 
posi iwif d 'djact nt to he ou tr suttao. so tha* tht tarn; tnsiti Ugh coincides v. itl 
the p t iar\ hUn [H h p i >r t< uitiv t t the pim> p Siglu path i o ff opLu. I 
5 uu abating d*. c<- htit In direct n tht i ot pensatn to hgn th i ugh the .nige 
pr^ecJuu s> i with the -a. ne eil Uvncv is limi The pdiWiroin iw 1 ghi 
(Jvtinued bv dk pra ar\ ltd i -.ot cc 

10 lh method ot J aim ( ' m^hcMi e\ it puruup t tfe nt »x itae ui 
the eleuoit^un r *d b\ eclor Jv tut naiMn^sioi >. a^nc thn trins f the 

10 tmh ton ei ttfe.^ n^n >l the ct^ p u-.tttnc h,?ht md ictitets the um^ 1 vtiei 1 
u» tu ut I grtOwt ditki fi< 1 th. 1 1 ns^Ki^ citrus ttmtcr i i> me t m pu iEi i*i 
light. 

11 1 h«, mettk t <>i dam 1 , m vxluch the optical mtegta mg t ice voi pii^ci 
l r^i nd a ^uond fl>seU i lh-gtar H itst-J c >i u nut g «u am >fleiek i md 

15 \%here » c< itpci 4 auric heh 1 IK cite o nioic lui^Hs < i tn^t j ^st\(, inkgrj <i s i<_ i 
tl at tV am f ens. hit? Jis?ht ^ .j „ac\ i \n tV mi at proitumn ^wkm m a d i^a oi 
and it m ar%fc lo ct T >c de v ith tht pr t id \ 1 lIu pa h 

12 I he tied od ot ch m 1 1, t v h eh tlx u.nnpu\satnp 1 f f"T i ststhiotg* 
fi mtepia ot tun< d berote hem^ dii» at d to .lhikk c 1 tth the prim i\ I i?h p h 
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